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Investigation of the processes of titanium dioxide dispersion
in the presence of various surfactants

An essential factor affecting the effectiveness of protective and decorative properties of paint and varnish
compositions due to the use of surfactants with inhibitory activity in their formulations, as well as the ability
to form permanent (cohesive, adhesive), decorative, insulating films based on their selective adsorption,
seems to be a promising improvement of the coating performance characteristics. The mechanism of their
physico-chemical effects on the interface and the dispersed medium as a whole depends on the nature of the
surfactants and the contacting phases, as well as their quantitative ratio. The paper presents the results of ex-
perimental studies of the regularities of the processes of titanium dioxide disaggregation in an aqueous dis-
persion medium in the presence of three types of surfactants. Introduction of three versions of surfactants in-
tensify processes of disaggregation of particles of titanium in an aqueous dispersion medium. The maximum
dispersing effect with respect to titanium dioxide is set for sodium polyacrylate solution. The average diame-
ter of the solid-phase particles in comparison with the characteristics of the base composition decreased from
13 to 4 microns, when this modified additive was introduced at the level of 0.25 g/L.

Keywords: paint-and-lacquer materials, dispersion, pigment, titanium dioxide, aggregation, surfactants, dis-
aggregation, suspension, average diameter, fraction, aggregate, modification.

Introduction

The process of combining a solid component, a pigment with a liquid dispersion medium in the produc-
tion of paint-and-lacquer coating, is very important, since the technological properties of paints depend on it,
as well as many of the operational properties of coatings. An important technological characteristic of paint-
and-lacquer materials (PLM) determining the structural and mechanical (covering capacity, wetting [1],
hardness, strength) properties of their coatings is the degree of disaggregation of pigments and fillers [2].

Surfactants, molecules of which contain polar groups in the hydrocarbon radical that are lyophilic with
respect to the polymer dispersion medium (i.e., bifunctional compounds of various types), are used as pig-
ment surface modifiers for polar dispersion media [3]. This applies to all types of paintwork materials con-
taining polymer solutions in organic solvents (or water for water-soluble polymers) as binder, water-
dispersible binders. In recent years, polymeric surfactants have been developed and used due to their high
affinity for the polymer medium, can be even more effective than their low-molecular analogues. The meth-
od of this pigment surface modification for subsequent incorporation into the polymer medium is very sim-
ple, accessible and effective due to the diversity of the polar groups present in the modifier molecules and
also to the different structure of their hydrocarbon radicals [4]. However, the action of surfactants in paint-
and-lacquer systems is subject to certain physico-chemical laws that must be observed for their effective ap-
plication.

Development of aggregation and disaggregation processes depends both on the surface properties of the
solid-phase particles themselves and on the quantitative-qualitative composition of the film-forming, sol-
vents and surface-active additives in paint-and-lacquer coating suspensions. In this regard, it is necessary to
know the effect of all these components on dispersion processes in order to optimize the composition of the
paint-and-lacquer coating. The purpose of this work is to study the effect of various surfactants on the pro-
cesses of dispersing solid-phase particles.

Experimental

We established the patterns of development of the titanium dioxide disaggregation processes (grade
R-02) in the composition based on polar solvent (water) and surface-active additives are (TEGO:Glide 100
(polyether siloxane copolymer), Dispers 715W (sodium polyacrylate solution) and Dispers 750W (aqueous
copolymer solution).

Surface-active effect of surfactants was established with usage of a computer-optical analyzer [5],
which allows determining the fractional composition of suspensions in an automatic mode, as well as the
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geometric dimensions and configuration characteristics of individual dispersions. A calculated index d that
characterizes the average particle diameter of pigments in suspensions was used to quantify the degree of
disaggregation.

An electronic converter-attachment with a magnification of x35 equipped with a standard USB port and
a software package was used for an adequate transfer of the image observed in the eyepiece of the micro-
scope. The principle of the electronic video eyepiece is analogous to the principle of the photocell function
and consists in converting light energy into electrical energy. The system unit of the attachment with small-
format CCD cameras transforms the images fixed in the eyepiece of the microscope into signals acceptable
for perception by the Windows XP system in personal computers. Electronic configuration attachments are
compatible with traditional microscopes. The CARLZEISS 451422 microscope was used in the system de-
veloped by us.

At the first stage, individual image elements were recognized within the software package «Spectrum of
differential distribution» using the method of continuous scanning, then they were transferred to the system
unit of the computer and stored (documenting). At the second stage, the processing of the video image was
performed with obtaining quantitative information about the specific number of particles (per unit area), their
geometric parameters (linear dimensions, configuration, and area) and, finally, the general data on fractional
composition were obtained in the automatic mode.

The algorithm for data processing includes the following basic operations:

1. Binarization of the previously saved image is the conversion of the image into black and white. In
terms of Photoshop, this concept is called «by level 50 %», as this selects a threshold, all values below which
turn into a background color (white), and above — to the main color (black).

2. Recognition for continuous scanning and sorting of individual dispersions by the number (N, units),
size and fractional composition (P, %) by reading their area in pixels (S, px). Transformation of the calculat-
ed particle size index expressed in pixels into metric units (microns).

3. Calculation of the integral and differential characteristics of the particle distribution (by their number,
linear parameters and area) and their reflection in the form of diagrams, distribution functions or in tabular
form depending on the optimization parameters (in the studies).

4. Derivation of functional dependences (in the form of equations or graphs) of the different integral
and differential characteristics of the particle distribution (by number, linear dimensions or area) depending
on the above factors. The latter makes it possible to estimate the contribution of each of them to the devel-
opment of particle aggregation processes in comparative regimes, namely, the theoretical dependence (the
additive function obtained with the assumption of the absence of interactions between the particles), and with
respect to some basic variant (for example, in the absence of surfactants) [5—7].

The use of metric particle sizes expressed in micrometers is accepted in the daily practice of the produc-
tion of pigmented paint-and-lacquer materials. In connection with the variety of shapes of pigment particles,
for their size, the so-called equivalent diameter of an ideal spherical particle is accepted. The values of d
(microns) were calculated from the results of the determination (for a given multiplicity of magnification
x350) of the total number of particles or their individual associates (N, pieces) and the total area (S, pixel)
they occupy on a fixed (in the eyepiece) image in accordance with the equation (1):

S
D,y =1.129k-2L, (1)

where S, — is an area of all particles, pixel; N — is a total number of particles; 1.129 — is a constant; k — is
a conversion factor to metric units (2):

k= |20 ©)

For a standard sample with Sy = 4-10* pm” at a given (in the experiments) multiplicity of the increase by
%350, the area (S,9) in DPI units is 32.400; value k= 1.235 um/pixel'?. The disaggregating effect was addi-
tionally established by the content of fractions (P, %) of the class — (minus) 44.34 microns.

The procedure for the preparation of suspensions with different surfactant contents (0-8 g/dm’ (for
pigment weight) consisted in preliminary dissolution of a certain mass in a solvent. The resulting solutions
(hereinafter A) were sent to prepare suspensions, which was carried out at a temperature of 20 °C in a sealed
reactor (volume — 0.2 dm’, cover factor — 0.60) equipped with an agitator (impeller agitator, frequency —
300 min ). The quantitative contents of the titanium dioxide pigment (1 % by weight of the suspension) in
the system were varied due to the change in mass loading into solutions A. To stabilize the deformation pro-
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cesses, the samples of suspensions analyzed with a pneumodosimeter (drop volume — 0.02 ml) were placed
on a specimen slide, then fixed with a cover slip and kept under static load (10 g/cm”) and were subjected to
microanalysis for 5 minutes.

Results and discussion

System «solvent-pigment-surfactant»

Distribution of dispersions of titanium dioxide pigment by size classes in suspensions containing no
surfactant is characterized by the diagram shown in Figure 1. Fractions with a size of +198.30—451.56 mi-
crons predominate in suspensions; the content of fractions of this class — 198.30 microns is 52.00 %, fine
fractions — not more than 25.00 %. Specific amount of pigment particles of titanium dioxide in the absence
of surfactants was 2,300 microns, and their average size is 13.00 microns.
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Figure 1. Differential distribution curves by the fineness
of the titanium dioxide pigment fractions in a polar solvent

The processes of disaggregation of solid-phase particles of titanium dioxide were intensified signifi-
cantly with insignificant dosing of surface-active compounds. The positive effect of the surfactants presented
is consistent with the patterns of changes in the content of fine fractions (P) and average diameter (d) of the
particles (Fig. 2a, b) in suspensions. The experimental values of the main parameters of the dispersion of
solid-phase dispersions in the presence of various types of surfactants are shown in Figure 2.

The maximum disaggregating effect with respect to the titanium dioxide pigment judging by the nature
of the change in the average particle size (minima in Figure 2a) is provided at the Dispers 715W surfactant
discharge at 0.25-0.50 g/dm’. The mean statistical particle diameter in the same row decreased by no less
than 60.00 % (from 13.00 microns to 4.00-7.00 microns) in the presence of Glide 100, Dispers 715W and
Dispers 750W in comparison with the characteristics of the basic composition (without surfactant additives).
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Figure 2. Effect of surfactant coverage rate (1-Dispers 715W, 2-Dispers 750W, 3-Glide 100)
on the average diameter (@) and on the content of fine particles of the pigment particles (b)
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The positive contribution of surfactants to the development of disintegration processes is confirmed
(Fig. 2b) and the increased content of fine fractions (< 44.34 microns) in the case of Dispers 750W disper-
sant, from 25.00 to 73.00 %; at the above coverage rate of Glide 100 and Dispers 715W, the relative content
of particles of this class increased by 55.00 and 68.00 %. Thus, the dispersion effect in the presence of sur-
factant is ensured by the destruction of large aggregates of titanium dioxide.

The development of the opposite process is observed with an increase of coverage rate (from 1.00 to
2.50 g/dm”®) of Glide 100 and Dispers 750W surfactants, an aggregation of solid-phase particles, which cor-
responds to an increase in the average diameter of the pigment particles from 4.00 to 12.50 and from 7.00 to
13.00 microns, respectively. The aggregation processes were practically not observed in the presence of
Dispers 715W and when the coverage rates varied from 0.25 to 0.80 g/dm’, the characteristics of the dis-
persed pigment composition of titanium dioxide remained practically at the same level (d = 4.00-6.00 mi-
crons; P~ 79.00—85.00 %). Based on this, it follows that the concentration range of the Dispers 715W is less
restricted than that of Dispers 750W and Glide 100. It should also be noted that with an increased concentra-
tion of Dispers 750W and Dispers 715W (4.00 g/dm”), the average statistical diameter of the pigment parti-
cles is increased almost identically to the initial value of the diameter in the absence of surfactants (12.00
microns) and a decrease in the fine fraction by 77.00 and 50.00 %, respectively, which indicates the inappro-
priate use of these surfactants at high concentrations. A slightly different mechanism is observed in the case
of the Glide 100 surfactant at the same concentration. The average statistical diameter of solid-state particles
decreases up to 62.00 % and, as a consequence, the content of the fine fraction increases in the high-coverage
rates region of this modifier (4.00 g/dm’). This phenomenon suggests the possibility of using this surfactant
at elevated system concentrations (above 4.00 g/dm’).

Conclusions

As a result of investigations it can be concluded that introduction of three versions of surfactants inten-
sify the processes of disaggregation of particles of titanium in an aqueous dispersion medium. The maximum
dispersing effect with respect to titanium dioxide is set for Dispers 715W. The average diameter of the solid-
phase particles in comparison with the characteristics of the base composition decreased from 13.00 to 4.00
microns when this modified additive was introduced at the level of 0.25 g/dm’.
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A H. Tropsruna, A.A. JIynenko
Typai 6eTki 6esceni 3aTTapAbIH KATHICYbIMEH TUTAH KOC TOTHIFbIHBIH
bIIBIPAY NMPOLECTEPiH 3epTTey

Jlak-6osty aOBIHIAPBIHEIH KOpFay >KOHE COHMIK KacHEeTTEpiHIH THUIMIUIriHe BIKIal eTeTiH eneyini (akTop
oNapAbl KypaMblHa CHETiH JaKTap MEH TOJNTBIPFBINITAPIBIH OBITHIPAFBIMITHIK JOpekKeci OONBI TaObUIAIbL.
Jlak-60sTy KOMITO3UIUSUTAPEIH KypaMblHa OastyJIaTKBIII OEJICCHAUTIKKE, COHIai-aK OJapIblH HET131HIe capabl
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CIHIpYyIi KaIbsITacTRIPy Kabinerine ue O6etki 6encenmi 3artapanl (Bb3) enrizy ecebiHeH omapasl TYPICHIIPY,
Oepik (KyFy, 'KaObICy), COHIIK, OKIIayiay KaObIKIIamapsl, KaObIHIAPIBIH [MMaiilajaHy cHUIaTTamaiapbiH
JKaKCapTYIblH IMEePCHEKTHBANBIK OarbIThl 0oJbin TaHbUIaAbl. OnapabiH (¢aszanap OemiriHiH OeTiHe jKoHE
LIalbIpaHIbl opTara (QU3MKa-XHUMHSUIIBIK OCEpiHIH MeXaHM3Mi TyracTail amranna BB3 »koHe jkaHacaThlH
(azanapiapiH TabUFaThIHA, COHAAM-aK OJAapIblH CAaHIBIK apacanMmarbiHa GailnaHbicThl. JKymbicTa THUTaH Koc
TOTHIFBIHBIH CYJIbI LIAIIBIPaHAbl OpTaga BB3 yur TypiHiH KaThICYBIMEH arperatchi3faHy IpOLEeCTepiHiH
JaMyBl 3aHABUIBIKTApBIHBIH TOKIPUOEIIK 3epTTey HOTIbKesepi kentipinreH. berki Gencenai 3arTapisH yin
TYpiH €HTi3y Cy-AMCIEpCHsUIBIK OpTaja THTaH JHOKCHIIHIH OeJIIeKTepiH ae3arperanusuiay yAepiciH
KapKbIHAATaabl. TUTAH JMOKCHIIHE KAThICThl MaKCHMAJbl JUCIEPIUPNICYLI ocep HATPUH MOJIMAKPUIATHI
epiTinzici yuin taraiisiaganrad. Ocel TypieHaipinres kocnanst 0,25 1/11 geHrelinge eHrisren keszie 6a3asbik
KYPaMHBIH CHNATTaMajJapbIMEH CalbICTBIPFaHIa KaTThl (a3aiblk OeJIIeKTEepAiH opTalla CTaTHCTHUKAJIBIK
nmaMeTpi 13 MKM-IeH 4 MKM-Te IeiiH TOMEHACHII.

Kinm ce30ep: nak-00s1y ®aObIHAAPHI, OBITHIPAFBIIITHIK, JaK, TATAH KOC TOTBIFBI, arperarTany, OeTki-0enceH i
3arTap, arperaTchi3iany, CyCIeH3 s, OpTa CTATHCTHKAJIBIK TUaMETp, Ppakius, arperat, TYpIACHIIpY.

A H. Tropsruna, A.A. JIynenko

HUccanenoBanue nmpoueccoB NUCNEPrupoBanusi IHOKCUAA TUTAHA
B IPUCYTCTBUH PA3JINYIHBIX MOBEPXHOCTHO-AKTUBHLIX BEIIIECTB

CymecTBeHHBIM ()aKTOPOM, BIMSAIOMNM Ha 3(Q{EKTHBHOCTH 3aLIUTHBIX U JCKOPATHUBHBIX CBOWCTB JIAKO-
KPACOYHBIX TOKPBITHH, ABIAETCS CTENEHb AUCIEPCHOCTH BXOASAIIMX B MX COCTAaBbl MMIMEHTOB U HAIOJHHU-
Tened. MoaudunrupoBaHue JTaKOKPACOYHBIX KOMIIO3UIIMI 3a CUET BBEJCHUS B MX COCTAaBHI IOBEPXHOCTHO-
akTuBHBIX BemiecTB (ITAB), oOmamarommx MHrHOUpYIOMEH aKTHBHOCTHIO, a TAKKe CIIOCOOHOCTBIO (hopMHu-
poBaTh, Ha OCHOBE MX M30MpaTeNbHOM afcopOnuy, MpoYHble (KOTe3NOHHEIE, aAre3NOHHEIE), 1eKOPAaTHBHEIE,
M30JIUPYIOIME IUICHKY, MPEICTaBIACTCS IEPCIEKTUBHBIM HAlPaBICHUEM YIyYHICHHUs 3KCIUTyaTalMOHHBIX
XapaKTePUCTUK IMOKPBITHH. MexaHu3M uxX (QU3MKO-XMMHYECKOro BO3/ECTBUS Ha MOBEPXHOCTh pasjena (a3
U THUCTIEPCHYIO Cpely B IeJIOM 3aBHCUT OT mpupoisl ITAB n xoHTakTHpyromux ¢a3, a Takke UX KOJH-
YECTBEHHBIX COOTHOIIECHUH. B cTaThe mpuBeneHB! pe3ynbTaThl SKCIIEPUMEHTATBHBIX UCCIIEA0BAHUN 3aKOHO-
MEpHOCTEH pPa3BUTHS IPOLECCOB Je3arperaluy IHOKCHAAa THUTaHA B BOJHOM IUCHEPCHOHHOW cpene B
MPUCYTCTBUU TpexX pasHoBuaHocTel ITAB. BBenenue Tpex pasHOBHIHOCTEH MOBEPXHOCTHO-aKTHBHBIX Be-
IIeCTB MHTEHCH(UIUPYET NPOLECCH Ae3arperayy YacTHI] JUOKCH/A TUTaHA B BOJHOM JUCIIEPCHOHHON cpe-
Je. MakcHMaIbHBIH UCIeprupyomui 3¢ (GeKT 10 OTHOLIEHHIO K JUOKCHAY THTAaHA YCTAaHOBIICH JJISI PACTBO-
pa monmakpmiarta HaTpus. [Ipy BBeqeHNH qaHHOM MoanGHUIUpOBaHHOH 1006aBku Ha ypoBHe 0,25 T/ cpexHe-
CTAaTUCTHYECKUH JuaMeTp TBepAOoQa3HbIX YacTHI| N0 CPAaBHEHHIO C XapaKTEpPUCTHKAaMH 0a30BOr0 COCTaBa
yMmeHbimics ¢ 13 1o 4 Mxm.

Kniouegvie cnosa: makokpacoYHble HOKPBITHS, AUCIEPIUPOBAHHE, TUIMEHT, AUOKCH]] TUTAHA, arperaius, 1no-
BEPXHOCTHO-aKTUBHBIC BEILLIECTBA, J€3arperalys, CyCleH3 s, CPeAHECTaTUCTHYECKUI auaMetp, Gppakuus, ar-
perat, MoAU(UKALHS.
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